Critical habitats for fish and wildlife are often small patches in landscapes, e.g., aquatic vegetation beds, reefs, isolated ponds and wetlands, remnant old-growth forests, etc., yet the same animal populations that depend on these patches for reproduction or survival can be extensive, ranging over large regions, even continents or major ocean basins. Whereas the ecological production functions that support these populations can be measured only at fine geographic scales and over brief periods of time, the ecosystem services (benefits that ecosystems convey to humans by supporting food production, water and air purification, recreational, esthetic, and cultural amenities, etc.) are delivered over extensive scales of space and time. These scale mismatches are particularly important for quantifying the economic values of ecosystem services. Examples can be seen in fish, shellfish, game, and bird populations. Moreover, there can be wide-scale mismatches in management regimes, e.g., coastal fisheries management versus habitat management in the coastal zone. We present concepts and case studies linking the production functions (contributions to recruitment) of critical habitats to commercial and recreational fishery values by combining sitespecific research data with spatial analysis and population models. We present examples illustrating various spatial scales of analysis, with indicators of economic value, for recreational Chinook Oncorhynchus tshawytscha salmon fisheries in the U.S. Pacific Northwest (Washington and Oregon) and commercial blue crab Callinectes sapidus and penaeid shrimp fisheries in the Gulf of Mexico.
574 JORDAN ET AL. practice of EBM. The issue of scaling-up biological resources and their economic use is common to the fields of biology and economics. Understanding how habitat affects stocks of commercially and recreationally important species on multiple spatial scales also can inform the relevant level of social aggregation at which a particular fishery must be managed to achieve management objectives. Just as natural resource considerations are spread over spatial scales of organization, so too are management structures; the boundaries of social systems may not be the same as those of ecological systems. Biological observations and modeling can help determine which spatial scales are most relevant to management actions and whether local (land owner or county), state, national, or international levels of organization are most relevant to management and conservation.
We present examples from coastal fisheries to illustrate how landscape ecology can be used to create a bridge from fine-scale ecosystem properties and functions to ecosystem services that are delivered over extended scales of space and time. For migratory and widely distributed species, the spatial and temporal scales of production functions can be finer by several orders of magnitude than the scales of the ecological services supplied to society (e.g., commercial and recreational fishing, hunting, bird watching). Although our examples are all migratory species, these species exhibit very different patterns of migration. In the case of Gulf of Mexico (GOM) species, we examine how changes in juvenile habitat may affect overall harvestable population size and value for penaeid shrimp (brown shrimp Farfantepenaeus aztecus, pink shrimp F. duorarum, and white shrimp Litopenaeus setiferus) and blue crabs Callinectes sapidus. Conversely, in the Pacific Northwest (PNW, i.e., the coasts of Oregon and Washington), we examine how the migration of Chinook salmon Oncorhynchus tshawytscha from Yaquina Bay, Oregon, affects the relevant scales for economic valuation of the recreational fishery and how these scales have implications for the management and conservation of habitats. In the realm of governance, our case studies contrast the scales of fishery harvest and management regimes with the scales upon which essential nursery habitats are managed. Salmon in the PNW and commercially harvested shrimp and crabs in the GOM share the attributes of (1) extensive coastal or oceanic fisheries and supporting biological populations managed at state and federal levels and (2) critical in-shore habitats that typically depend on local management regimes, where state and federal entities generally do not have direct regulatory authority. We outline some methods for multiscale modeling and estimation of these phenomena. Results are presented from (1) an economically oriented model for Pacific salmon fisheries and (2) an ecologically based fishery production model for GOM blue crabs and penaeid shrimp. Both models use landscape ecology and geographic scaling to link spatially explicit habitat values for a particular locality to the values of large regional fisheries. In the sense of Cury (2004) , we demonstrate linkage of mesoscale process-oriented observations to macroscale pattern-oriented analyses.
BACKGROUND
In the PNW of the United States and Canada, several species and subspecies of Pacific salmon Oncorhynchus spp. support fisheries of great commercial, recreational, and cultural value. Pacific coast salmon fisheries and their recent declines have been the subject of intense scientific scrutiny and a considerable body of both scientific (reviewed in Knudsen et al. 1999 ) and economic, cultural, and institutional literature (Hanna et al. 2006; Hanna 2008) . Salmon have been culturally important in the PNW for millennia (Meengs and Lackey 2005) , but the arrival of European settlers led to major losses and modifications to salmon habitats as well as an increase in the demand for salmon as food. Today the principal threats to salmon are considered to be overharvesting, habitat loss, dams, and hatcheries (Bottom et al. 2009 ). Hatchery-reared fish comprise the majority of salmon in many systems, leading to reduced genetic diversity and reproductive fitness (Levin and Schiewe 2001) . Despite measures aimed at improving stocks, 29% of the almost 1,400 historical salmonid populations are now extinct, and 27 stock groups are listed as threatened or endangered (Bottom et al. 2009 ). Figure 1 shows the combined commercial landings of Chinook salmon in Oregon and Washington since 1950. Although fluctuations in annual catches (e.g., 1987 and 1988) are driven by climatic cycles (Mantua et al. 1997 ) and the resulting variations in the availability of prey (Levin 2003; Hooff and Peterson 2006) , there has been a general decline over the past 60 years.
The economic value of commercial and recreational fishing for salmon in the PNW has been recognized and studied for many decades, and valuation of recreational fishing for salmon in the PNW is not a new field. For example, Brown et al. (1964) calculated the net economic value of salmon and steelhead in Oregon at US$3 million for 1962 ($20.6 million in 2007 dollars) based on expenditures by anglers. More recently, nonmarket valuation techniques have been used to estimate the consumer surplus for recreational salmon fisheries Meyer et al. 1983; Riley 1988; Loomis 1989; Olsen et al. 1991; Bell et al. 2003) . Economic methods to assess the value of recreational fisheries are well established and relatively robust. These values usually are expressed in terms of willingness to pay (WTP) for some unit of recreational use (angler-day, trip, etc.) or social aggregation (household, individual). Willingness-to-pay values subsume the worth of an aggregated bundle of various ecosystem services. For example, the preference of an individual to fish in a given location may be due to the supply of fish (a provisioning service) or the aesthetics of the location itself (cultural services), and these quantity-of-fish, quality-of-location values in turn result from the supporting and regulating services of the surrounding ecosystem. For many systems, analysis of values suffers from a lack of adequate economic valuation literature (Pendleton et al. 2007 ), but this is not particularly true for PNW salmon fisheries. Nevertheless, despite the relative abundance of available literature, the anadromous nature of salmon species means that the spatial allocation of economic values may prove to be a greater challenge than the valuation process itself.
Blue crabs and penaeid shrimp support some of the most important coastal fisheries in the U.S. GOM and Atlantic southeastern states, with a combined exvessel value of ∼$471 million for the commercial fisheries in 2008 (NMFS 2011). These species also support recreational and subsistence fisheries, but we limit our analysis to the larger and better-documented commercial components. Blue crabs and penaeid shrimp share three important ecological attributes: (1) unitary populations extending over large regions (Nance et al. 1989; McMillen-Jackson et al. 1994; Guillory et al. 2001) , (2) diadromous migratory life histories (Haas et al. 2004; Dantin et al. 2005) , and (3) dependence of early-stage juveniles on vegetated, shallow-water habitats in estuaries and coastal lagoons (e.g., Minello et al. 2003) .
Chinook salmon exhibit two principal life history strategies (Taylor 1990 ). "Ocean-type" juveniles generally migrate downstream, undergo smoltification, and enter the ocean within 150 d of hatching if conditions are favorable. At this time the juvenile salmon, or parr, may make use of estuarine habitats, although there is considerable variability in the amount of time the salmon remain in the estuary. Within the estuary, emergent marsh habitats seem to play a particularly important role in the rearing of juvenile salmon (Burke 2004 ) and the amount of estuarine habitat per se also increases survival rates of salmon (Magnusson and Hilborn 2003) . "Stream-type" Chinook salmon migrate to the ocean during their second spring. Survivorship of the estuarine and early ocean phases of the salmon life cycle is as low as 0.017 (Kareiva et al. 2000) , and suitable habitat is critical for the survivorship of these early life stages. The salmon remain at sea for 1-6 years, though most commonly 2-4 years, before the homeward migration. The Pacific Ocean provides a vast rearing ground for Chinook salmon. Ocean-type Chinook salmon tend to utilize estuaries and coastal areas more extensively than stream-type Chinook salmon; the stream variety tends to migrate to the central North Pacific (Healey 1991) . Figure 2 illustrates the results of tagging studies that have defined the range of Chinook salmon ocean-rearing habitat (Beamish et al. 2005) . In the reproductive phase, salmon migrate from the oceans through the estuary back to their natal streams to spawn and die. Each habitat type has its own specific function in the salmon life cycle and its own set of threats relevant to the continuation of salmon fisheries.
Mature penaeid shrimp migrate from estuaries into offshore coastal waters to spawn. After mating in estuarine habitats, female blue crabs migrate seaward to spawn near the mouths of estuaries. The larvae of both taxa spend a few weeks in offshore waters, where they can be distributed widely by winds and currents. As the larvae mature into postlarvae, they move into estuaries, settling preferentially in shallow-water vegetated habitats such as salt marshes (principally along the marsh-water interface, or marsh edge) and seagrass beds. These structured coastal habitats provide appropriate food sources and refuges from predation for the initial, vulnerable juveniles. As the animals mature, they disperse widely within estuaries (Dantin et al. 2005 ; Figure 3 ). In a pioneering landscape ecology study, Browder et al. (1989) related salt marsh disintegration in Louisiana to observed and predicted changes in the brown shrimp fishery. Because the extent of marsh edge increases and then decreases in a hyperbolic pattern as marsh is lost, recruitment to the fishery would be expected to increase up to a point and then decrease. Although Browder et al. (1989) modeled the functional relationship between marsh loss and habitat extent, the link between these phenomena and shrimp production was purely correlational. Our study includes three species of shrimp and blue crabs in three important habitat types-submersed aquatic vegetation (SAV), shallow nonvegetated bottom (SNB), and marsh edge (ME)-in a semideterministic model that predicts the effects of habitat loss and gain on the fisheries.
The characteristic scale of the processes determining yearclass strength in shrimp and blue crab populations, based on habitat-dependent late larval and early-juvenile growth and survival, is on the order of centimeters to meters. Ontogenetic migrations scale with estuaries (tens to hundreds of kilometers), whereas dispersal by larvae and errant adults maintains panmictic populations over thousands of kilometers. Therefore, an analysis of the ecosystem services produced by these populations, how the services vary, and how they might change in future scenarios involves spatial scales ranging over 6-8 orders of magnitude.
METHODS
Blue crab and shrimp spatial-population-fishery models.-For blue crabs and shrimp, we linked models over a wide range of spatial and temporal scales, based on the approach of Jordan et al. (2009) , to estimate the functions of preferred habitat types in producing recruits to the fishable (adult) stocks. At the largest, regional scale (the U.S. GOM, which has a coastline ∼27,000 km in length, including bays and estuaries), fishery population models were constructed from fishery landings and effort data compiled by the National Marine Fisheries Service (shrimp), in combination with fishery-independent data collected by state fishery programs. At the landscape scale, we employed shallow-water and shoreline habitat GIS coverages for the Mobile Bay, Alabama, estuarine area, one of the Gulf's larger estuarine systems (∼1,000 km 2 ), in a spatially-tiled framework (cells of 55.2 km 2 ) based on the National Coastal Assessment (USEPA 2008) . At the finest (patch) scale, we used primary data in combination with information from the scientific literature to assign densities and survival rates for three physical habitat types (SAV, SNB, and ME) and salinity zones (oligo-, meso-, and polyhaline); these data typically have been generated at a scale of ≤1 m 2 . The results were three-stage models (early juveniles, prerecruits, and adults) in which areal habitat coverage could be manipulated to predict the long-term effects of habitat changes on the fisheries. Figure 4 provides a conceptual overview of the multiscale modeling approach. In summary, to generate the numbers of recruits the models employed an accounting method, multiplying the densities of juveniles by habitat areas and survival rates. The contribution of recruits to the fishery was estimated by (1) converting the numbers of recruits to biomass using published length-weight relationships and (2) linking the recruitment models to dynamic population models that estimated recruitment to the Gulfwide fisheries. The linkage was achieved by converting the mean instantaneous rate of population change (net recruitment per year; r) from the historical time series to absolute biomass so that it could be increased or decreased as a function of predicted recruitment biomass for any scenario of habitat change.
For this paper, we have adapted the blue crab and shrimp models to simulate the effects of changes in habitat based on loss or restoration of SAV. We applied the habitat geographic coverages from Mobile Bay, as described in Jordan et al. (2009) , modifying the areal extent of SAV to predict the effects of loss or gain on the GOM blue crab and shrimp fisheries. The loss scenario involved decreasing SAV coverage by a total of 20%, distributed over three hexagonal grid cells, as described in Jordan et al. (2009) . The "no change" scenario simply reflected the recent trends in recruitment, with no change in habitat extent. For the three restoration scenarios, we added 50 ha of SAV to each of 10, 20, or 31 previously unvegetated cells (31 was the total number of unvegetated cells), reducing the area of SNB by the same amount. In this version of the blue crab model, we added a biomass carrying capacity parameter (K) derived from long-term fishery data and reformulated the model using the following logistic population equation rather than the exponential equation described by Jordan et al. (2009) :
where S t is the predicted stock biomass at time t; S t-1 is stock biomass in the previous time step; e is the base of natural logarithms; r is the instantaneous rate of population change (net recruitment per year). The addition of carrying capacity to the model maintained reasonable predictions for habitat restoration scenarios, as opposed to the habitat loss scenarios simulated in our previous research. The K parameter was set at the maximum estimated harvestable stock biomass over the period of record, 1950-2004 (Table 1) . To achieve the scale of the entire U.S. GOM, we assumed that the changes simulated for Mobile Bay would have occurred Gulfwide (Jordan et al. 2009 ).
The shrimp model was constructed in the same manner as the blue crab model. Our original intent was to produce a model to examine habitat scenarios for the Tampa Bay, Florida, estuarine system as part of an effort to quantify ecosystem services for the Tampa region (http://www.epa.gov/ged/tbes/index.html). It was clear from preliminary work, however, that we could not match or apply landings and effort data at this (county) scale because (1) the fishery operates at a much larger spatial scale and (2) reported effort data (number of fishing trips) could not be adjusted to unit effort (e.g., days fished). Therefore, as in the blue crab model, the shrimp model was parameterized at the Gulfwide scale. The blue crab model employed an annual time step, consistent with life history and recruitment traits. The shorter life cycle of shrimp, with great intra-annual variation in harvest and recruitment, required a monthly time step, illustrated by the hindcast shown in Figure 5 . Model parameters and values are listed in Table 1 . Both models were validated Bay to the Gulfwide fisheries were used as further validation that the models produced reasonable estimates of production. The large-regional modeling approach supplies information that can be used to assign ecologically based monetary and nonmonetary values to specific habitat types in the context of regional fisheries. From the perspectives of policy, management, FIGURE 4. Conceptual overview of multiscale modeling for coastal migratory fish species. At the patch scale, data from sampling and experiments (original or reported in the scientific and technical literature) are used to estimate the production of juveniles per unit area (m 2 ). At the landscape scale, geographical information on the extent, distribution, and quality of critical habitats is used to expand unit production to a larger area. At the regional scale (e.g., the U.S. GOM), harvest and economic data are used in models to estimate habitat contributions to major fisheries. and ecological restoration, it is also useful to quantify ecosystem services and values at finer scales. Thus, at an intermediate scale, we estimated the contributions of a large estuary (Mobile Bay) to the GOM blue crab and shrimp fisheries using two independent methods. The first method simply used the area of the estuary divided by the total estuarine area in the U.S. GOM, assuming that recruitment to the fishery was proportional to the estuarine area. The second method employed the areal extent of specific habitat types in combination with biological information (observed densities and survival rates by habitat type for early-stage juveniles plus estimated survival rates of later-stage prerecruits) to estimate recruitment to the fishery from the estuary. A comparison of the two methods supplies information about the robustness and accuracy of the spatial scaling models. We also estimated the total exvessel value of shrimp and crab production from the Mobile Bay system and the values per hectare of SAV for each scenario. The blue crab model has been applied at a finer, subestuary scale (O'Higgins et al. 2010) .
Economic geography of salmon fisheries.-Economic valuation of the Yaquina Bay recreational salmon fishery was carried out using two different methods. In one method, published estimates of WTP per angler-day of salmon fishing in Oregon and Washington were combined with estimates of the number of recreational fishery trips within Yaquina Bay based on salmon harvest in the Yaquina River and angler effort (Kroeger and McMurray 2008) . The WTP estimates (Table 2) were based on the travel cost method in which WTP represents a minimum value to recreational fishers based on the distance they are willing to travel to avail themselves of the recreational fishing resource. For comparison, in the second method the economic values of the within-estuary recreational fishery were calculated on a perhousehold basis based on a published WTP value of $134 per year per household to avoid the loss of salmon in Yaquina Bay specifically (Bell et al. 2003) . The value estimate was based on information solicited from the public using survey techniques.
Analysis of the spatial scales relevant to the Chinook salmon population in an individual estuary (Yaquina Bay) was conducted using ArcGIS 9.3. Primary data for coverages of emergent marsh were taken from the National Wetland Inventory (http://www.fws.gov/wetlands/); watershed data were from the U.S. Environmental Protection Agency (unpublished (Beamish et al. 2005) .
RESULTS

Pacific Northwest: Economic Value of Chinook Salmon in Yaquina Bay
The total annual value of recreational salmon fishing in the Yaquina estuary, estimated as the product of mean value per angler-day (Table 2 ) and angler effort, was $540,817.
The results of estimates based on household WTP and different levels of social organization for recreational fisheries are shown in Table 3 . The values of the Yaquina Bay recreational fishery estimated by the angler-effort method ($540,817) and by the household method when confined to Newport, Oregon ($551,008) are in good agreement. However, at wider social scales of aggregation (county, state, and region) the values are considerably higher, depending on the number of households included in the analysis. In our example, the estimate of recreational WTP presented for the Pacific Northwest (Table 3) , assuming that every household throughout Washington and Oregon values the Yaquina estuary equally, is three orders of magnitude greater than the estimate based on the Newport population.
The GIS analysis demonstrates the multiple spatial scales of the broad major habitat types for Chinook salmon and the ecological role of those habitats in the salmon life cycle (Table 4) . The habitat types required for the completion of the Chinook salmon life cycle span at least 7 orders of spatial magnitude. Each habitat type has its own specific function in the salmon life cycle and its own set of threats and survival rates; each type is also subject to different legislative and administrative jurisdictions with respect to the management and sustainability of salmon fisheries. Table 5 shows the estimated WTP per unit area of habitat type, where all of the value (WTP per household at a given spatial level of aggregation, i.e., county, state, etc.) is attributed entirely to a single habitat type. As the spatial scale increases, values per unit area diminish rapidly. Conversely, as the geographical scale of economic benefit increases (i.e., taking into account the number of households at the state and regional scale), the benefits per unit area from the estuary or marshes within the estuary increase by three orders of magnitude.
Gulf of Mexico Blue Crab and Shrimp Fisheries
Three of the model scenarios predicted long-term declines in commercial landings of blue crabs ( Figure 6 ). Simulated restoration of 500 ha of SAV reduced, but did not reverse, the recent negative trend in recruitment. This negative trend may be merely an artifact of the modeling process, because the mean rate of population change calculated by the hindcasting model was slightly less than zero; conversely, it may be a real downward trend in recruitment. Fishery landings stopped increasing about 1990, with slight evidence for a decline thereafter. Restoration of larger areas of SAV-1,000 and 1,550 haled to predictions of positive trends in recruitment and simulated landings. In the most positive scenario, the effect of carrying capacity can be seen in the shape of the uppermost curve in Figure 6 ; the limit on landings is about 32,650 mt.
Projections of shrimp harvest based on the same scenarios described above for blue crabs resulted in similar, but overall more positive trends. Long-term shrimp harvests declined with a 20% SAV loss, remained virtually unchanged for the no-change scenario, and increased for each of the SAV restoration scenarios (Figure 6) . The blue crab model indicates that under the baseline scenario (no change in habitat) the Mobile Bay estuary system would produce about 17% of the blue crab recruited biomass in the Gulfwide fishery, whereas the shrimp model for the same area generates 8.6% of total recruited biomass. The area of the Mobile Bay estuarine system (including the Alabama portion of Mississippi Sound and Perdido Bay in Alabama and Florida) is 8.8% of the total estuarine area in the U.S. GOM, so the model generates approximately 1.9 times the biomass of blue crab recruits and 1.0 times the biomass of shrimp recruits predicted by area-proportioning of the fishery stock. The discrepancy for blue crabs may be explained partially by our omission of the soft-shell crab, peeler crab, and recreational fisheries, along with unreported landings, which would be included in model estimates but not in the landings data. The shrimp harvest, in contrast, is dominated by the commercial sector. These factors could account for the closer correspondence of the area-proportioned and modeled biomass estimates for shrimp.
The simulations of SAV restoration provide a means of estimating the gross value and value per hectare of restoration for the blue crab and shrimp fisheries. In 2008, live hard-shell blue crabs sold for an average of $1,761/mt exvessel; shrimp averaged $7,847/mt (heads off). The model was used to estimate the numbers and biomass of recruits from the Mobile Bay system, the fraction that would be captured by the fishery, and the exvessel values for each scenario. The value of SAV restoration per hectare increased as the magnitude of restored habitat increased (Table 6 ).
DISCUSSION
We have demonstrated some aspects of the scaling problem in relating ecosystem functions to ecosystem services and economic values in the context of coastal fisheries, employing contrasting species, regions, and analytical methods. The principal problems addressed are (1) that some ecosystem services are delivered to society at spatial scales much more extensive than those at which they are produced and (2) that the ecosystem properties essential to the sustainability of fisheries (e.g., tidal wetlands and undeveloped shorelines) are managed FIGURE 6. Simulated effects of changes in the amount of submersed aquatic vegetation (SAV) habitat on (A) blue crab and (B) penaeid shrimp fisheries in the GOM. Geographic information was combined with data from studies of habitat dependence in early juvenile blue crabs and long-term fishery information to model recruitment (Jordan et al. 2009 ). by entities entirely different from those that manage fisheries, with the entities operating at very different spatial scales and managing toward different ends.
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In the case of Pacific salmon, the scale of delivery to recreational fisheries is poorly defined, so we have expressed potential values at several scales. In the case of GOM shrimp and crabs, the scale of delivery to commercial fisheries is fairly well defined, as are the habitat areas and qualities that contribute to production. For the latter species, more explicit modeling of relationships between habitat conditions, habitat conservation, and commercial fisheries is feasible (the considerable uncertainties are discussed below).
These analyses require data at all scales: ecological data at the finest scales, landscape (seascape) data at intermediate to regional scales, and biological monitoring and economic data over large expanses of space and time. We have emphasized scaling in the spatial domain, but the time domain is equally important. Science and policy would, perhaps, show far less interest in the PNW salmon fishery were it not for the well-documented longterm decline in the resources and the services they supply to society. The blue crab model was constructed from a 54-year time series of fishery data at the Gulfwide scale and then used to simulate 50-year future scenarios. A 47-year time series of data was available for the shrimp fishery. Although we have expressed gross economic values for fishery resources on an annual basis, these resources have cumulative values over periods of time that are limited (if sustainably managed) only by the discount rate one chooses to apply or (if not sustainably managed) by economic extinction of the resources. Beyond fishery management, economic extinction could also be the outcome of failures to conserve coastal nursery habitats of sufficient extent and quality.
In the temporal context, it is of paramount importance to resolve long-term trends (whether past or future) from the considerable noise of temporal variability (Figures 1 and 5) . Habitat loss is an insidious threat to the types of populations we discuss here (Peterson and Lowe 2009) because it is generally a slow process, with only marginal effects on annual recruitment ( Figure 6 ) that can be overlooked given the multiple climatic and anthropogenic signals affecting the baseline, and habitat change can interact with other positive and negative forces. Decades of direct observations may be necessary for confident quantification of a downward population trend that has been occurring all along, obscured by stochastic variation. Therefore, models at the appropriate scales are essential, even though they may have large uncertainties. For example, point predictions from the blue crab model for various scenarios could not be distinguished on the basis of 95% confidence intervals but had distinctly different probabilities (Jordan et al. 2009 ). In these situations, ecologists, modelers, economists, and society need to address questions of sustainability in terms of probabilities rather than unattainable certainties. The blue crab model was used previously in Monte Carlo simulations to estimate the probabilities of sustaining the fishery under scenarios of habitat loss (Jordan et al. 2009 ). These simulations showed large uncertainty for predicted point values (i.e., annual stock biomass and harvest), dominated by unexplained variations in annual recruitment. Although we show model results as mean predicted trends in Figure 6 , for purposes of management decisions Monte Carlo simulations would be used to generate probabilities of meeting selected targets, thereby incorporating major sources of uncertainty (see Jordan and Coakley 2004 for examples of this approach in a management context).
Despite the relative abundance of data regarding the value of the recreational salmon fishery in the PNW and specific information relevant to the Yaquina Bay estuary in particular, the true value of recreational salmon fisheries in Yaquina Bay remains unknown. The estimated value for recreational WTP depends largely on the geographical level at which recreational benefits are aggregated. In our example, at the scale of Newport, Oregon, the close correspondence between the WTP values assessed by two separate methods suggests that the estimates (at a local level of geographical aggregation) are relatively robust. Applying the same WTP to wider geographic scales (state, regional) and the correspondingly larger numbers of households undoubtedly results in overestimation of the recreational WTP. As the distance from the estuary increases, the assumption that households might hold the same values for Yaquina Bay weakens. Nonetheless, households outside of the immediate local area (Newport and Lincoln County) undoubtedly have some recreational WTP for Yaquina estuary salmon fisheries (the bay attracts recreational fishermen from around the United States) and these nonlocal values are also crucial in determining total recreational value. Therefore, determining the appropriate level of social aggregation for analysis (i.e. the boundaries of the social element of the social-ecological system) is not trivial but crucial to understanding the values associated with Yaquina Bay and similar systems. If ecosystem services are to be included in management decisions, understanding the extent of both the social and ecological systems is essential. While these social boundaries of the system are unknown, it will remain impossible to find a precise value for the Yaquina Bay recreational estuarine fishery. Nevertheless, an examination of scales and attribution of economic values can be useful in informing cost-benefit decisions for combined social-ecological systems. At the finest spatial scale examined, the emergent wetlands in Yaquina Bay have the most value per unit area and thus offer the most attractive management investment option. The combined recreational WTP for emergent marsh habitats within Yaquina Bay aggregated at the county level is on the order of $3,700/ha. On a cost-benefit basis, therefore, investments to protect emergent marsh habitat based solely on local interests should not exceed such a threshold. The Wetlands Conservancy recently purchased conservation easements for emergent marsh in the Yaquina estuary (Pacific Coast Joint Venture 2008) at the price of $2,400/acre ($5,928/ha). This cost is higher than the associated benefit to recreational fisheries when aggregated at either the local or county level. Therefore, the justification for such a purchase either must include additional benefits of the habitat (other provisioning, regulating, or cultural services) or imply that the benefits accrue over a wider social scale. We use emergent marsh as our smallest habitat unit, but in reality channel subhabitat within a marsh is more critical to salmon than the total amount of vegetated marsh habitat (Simenstad and Cordell 2000) . However, the granularity of salmon habitat is not the same as that of land ownership, and although individual subhabitats of an emergent marsh may have more value to the salmon, parcels of wetland are bought and sold in units of acres (hectares are not used in U.S. markets). From a cost-benefit perspective, it is therefore sensible to consider habitats at the level of granularity of the market.
Just as understanding the upper size of the social boundaries of the system is problematic, the vast scale of the oceanic migration of Chinook salmon also results in great uncertainty. Juvenile Chinook salmon from the Yaquina system do not uniformly cover the entire area of the Pacific Ocean delineated in Figure 2 , but their migration patterns are not known precisely; in the absence of such information, apportioning value equally throughout the region is the simplest, most logical approach.
We have expressed values for the GOM commercial blue crab and shrimp fisheries only in terms of the price paid to fishers for their catch and have not attempted any deeper economic analysis (nor have we considered the relatively minor soft-shell and peeler crab fisheries or the poorly documented recreational fisheries). To obtain the actual monetary value (rent) to the fishers, we would have to subtract the costs of harvesting from the price paid for the catch. The real value of commercial fisheries, though, involves cultural and social dimensions such as family and community fishing traditions, the needs of fishers for immediate cash even at the cost of sustainable income, the public health benefits of seafood consumption, and the pleasure people take in eating seafood. Moreover, the trade-offs between commercial fishing and the availability of coastal fishery resources to recreational fishers should be considered in a comprehensive economic analysis. A complete valuation of habitats such as SAV and marsh edge also would include values for additional species such as the speckled seatrout Cynosion nebulosus. For these reasons, the monetary values that we express for habitat contributions to blue crab and shrimp production should be understood as indices of value rather than absolute values. Even so, these value indices can be used to evaluate and compare alternatives for conserving and restoring coastal habitats. Restoration and protection of SAV is a priority for several National Estuary Programs, including that in Mobile Bay (MBNEP 2001) .
Ecologists are beginning to develop models of how ecosystems produce services at the scales necessary to examine regional, national, and global outcomes and the quantitative benefits of habitat restoration (Jordan and Peterson 2012) . For ecologists, ascertaining the relative contribution of different habitats to the stocks is confounded by the broad spatial scales associated with the life cycles of important recreational and commercial species. For economists, the boundaries of the social system and the relative values of the individuals within it present other challenging scaling issues. In the management realm, it needs to be understood clearly and more widely that the best fishery management (in the traditional sense) will fail if coastal habitats are not managed with full respect for the ecosystem services they support. Understanding and matching the relevant scales of social and ecological analysis therefore remains a major challenge in the implementation of effective management strategies to protect ecosystem services. Despite the prevailing uncertainties, examination of the biological and social scales associated with the supply of ecosystem services can illuminate management possibilities. The studies reported here are more than illustrations of the problem; although not ecologically or economically definitive, they advance our understanding and point the way toward sturdier solutions. If the services of coastal habitats are to be quantified and valued properly, collaborations between economists, fishery scientists, landscape ecologists, and process-oriented ecologists will be essential.
CONCLUSION
Ecological production functions generally are observed at fine spatial scales for brief spans of time, whereas the resulting ecosystem services and their economic values may be delivered over broad geographic and temporal scales. Likewise, prevailing governance structures are not conducive to coordinated-much less integrated-management of fisheries and the habitats that support them. Our studies demonstrate methods of modeling and estimation that link fishery production and its associated economic indicators to the distributions and attributes of coastal habitats across scales ranging from habitat patches to large ocean basins. Although there are substantial knowledge gaps and uncertainties, these methods of analysis can be applied to assess the probable costs of habitat loss and the benefits of habitat restoration for coastal fisheries at multiple geographic scales.
